Speleotomy was carried out first in 1935 by Heitz-Boyer9 who reported a success in curing a closed cavity by resecting its free portion with a radio-knife. In those days, however, chemotherapy was not invented yet. Naturally, it was not taken up for a routine method, because of the danger of tuberculous spread to the surrounding tissues. In 1953, Staehlerl' re-introduced this technique as "Kavernotomie" at a congress of German Surgical Association. Since then, this operation has been widely employed for operative treatment of renal tuberculosis.
After experiencing 7 cases, Aboulker and Wetterwald' reported that this technique could be employed in serious cases in which partial nephrectomy was not indicated. Similar technique, named "Speleotomie", is reported by Couvelaire3 in 1959. Several reports on efficacy of speleotomy were issued since then. 5,8 Further, Ljunggren13,14 stated that the operation produced an effect equal to that of partial nephrectomy against the closed cavity. Despite many reports on speleotomy not a few problems on its indication, technique and efficacy remain unsolved. Therefore, we re-evaluated speleotomy based on an observation in 11 cases, together with introducing a modification of Staehler's operation, "cavity constriction". After being exposed by a lumbar oblique incision, the kidney is punctured with a fine injection needle at the portion where a cavity is suspected to exist. When the site of the cavity is ascertained by the puncture, an incision is given to its free portion, and its content is removed. After the cavity is dusted with streptomycin (SM) powder, an drainage tube is fixed inside the cavity. Then, the muscle and skin incisions are closed. After the operation, the fluid stored in the cavity space is removed through the tube every day, and SM solution is injected into it. The amount of the fluid usually decreases in 8 to 14 days, and then the drainage tube is taken off. 1) Puncture of the cavity with an injection needle to aspirate the cavity content.
2) Resection of the free portion of the cavity.
3) Uninterrupted suture of the excised cavity wall with a fine catgut. 4) Constriction of the cavity by interrupted sutures with catgut. 5) Cavity constricition is finished. 
2) Materials
Eleven patients with renal tuberculosis in which speleotomy was performed were observed in the present study; Staehler's operation in 6 cases and "cavity constriction" in 5 cases. The cases are shown in Table I . Prior to the present operation, Cases 3, 4, 5, 6 and 11 had undergone unilateral nephrectomy due to renal tuberculosis and Case 2 due to pyonephrosis. Case 1 had received uretero cystostomy due to ureteral stricture. Cases 1 and 4 had a complication of epididymal tuberculosis and Cases 8 and 10, bone-joint tuberculosis. On these patients pre and postoperative courses were observed, intracavitary 131I- hippuran excretion test, which was devised for intracavitary renal function, being performed. The procedure was as follows: 100,40 of 131I-hippuran was injected intravenously twice, three hours before and at commencement of the operation. The radioactivity in the intracavitary content and that of urine in the bladder during the operation were measured with a Geiger-Muller counter, and a ratio of the former to the latter was obtained (Fig. 2 ).
(1) Age, sex, side of affection and complications These are tabulated in Table I. (2) Initial symptoms and chief complaints
As shown in Table II A poorly-outlined circular shadow is present on the middle pole. The right lower calyx is compressed by a cavity in the lower pole.
Aortogram of the Case. (3) Radiographic findings For x-ray examination, intravenous pyelography, retrograde pyelography combined with pneumoretroperitoneum, and aortography were employed. Judg ing from the operation findings the usability in diagnosis is shown in Table III . In all the cases intravenous pyelography was performed. When a cavity is suspected to be present, retrograde pyelography combined with pneumoretroperi toneum was carried out. The calyceal obliteration which was suspected on intravenous pyelography, was ascertained by the latter method in most cases . In addition, aortography, which was performed in 9 cases, revealed clearly Fig. 5 is an intravenous pyelography taken at the beginning of the chemotherapy. It shows a stricture at the neck of the inferior major calyx and an irregularly margined dilatation in its peripheral minor calyces. Smear and culture of urine were positive for tubercle bacillus. ; One and a half years later, the dilated calyces turned invisible on pyelograms, and urine turned negative for tubercle bacillus. The intravenous pyelography in the right, which was taken immediately before the operation, shows a fully developed cavity.
(4) Urinalysis before and after the operation
The results of urinalysis before and 2-4 weeks after the operation are shown in Table IV . In preoperative period urine was turbid in 7 cases and clear in 4 cases. Microscopically, more than 10 white blood cells were found in a 4 X 102 field in 5 cases and more than 5 red blood cells in 5 cases. Tubercle bacillus was demonstrated in urine in only one case, Case 11. Generally speaking, urinary findings were not remarkably changed after the operation, although red and white cells in the urine disappeared in some cases. The tubercle bacilli, which were found in Case 11, disappeared from urine after the operation. In 4 cases (Cases 2, 4, 8, and 10) 
(6) Operation findings
The sites of the cavities diagnosed radiographically coincided perfectly with those found at operation, except for 1 case (Case 5). In most cases, how ever, more than two cavities were found at operation, although only one cavity was suspected on radiographic examinations (Table VI) . As for the postoperative fistula which was formed at the place where the drainage tube was inserted, the period required for its closure was 8 to 9 days in 3 cases of 5 cases in which Staehler's operation was done. In one of the 5 cases fistula persisted for 75 days, and in another case (Case 5) it persisted for one and a half years with recurrent episodes of high fever (Fig. 6) . In cases where Left: Taken immediately before the op eration.
The left lower major calyx is obliterated.
Right: Taken about 11 months later . The lower calyces are delineated on the pyelogram, although there is a blocking seen at the lower major calyx .
cavity constriction was performed, the drainage discharge was considerably small in amount (5 to 10 c.c.), and the drainage tube was removed within 10 days . 
DISCUSSION
According to Staehler 18.19 speleotomy is indicated to the closed cavity which has no communication with the renal pelvis. In our cases, however, the chief complaints were mostly non-specific such as discomfort or dull pain in the lumbar region. Some cases had no complaint at all and others showed normal urinalysis. Therefore, diagnosis of closed foci in the kidney should be relied on the x-ray examination. With this method, however, closed cavity is often overlooked. Staehler 18, 19 and Gunst 8 stated that it could be discovered in the following way: In most cases, tuberculous stricture with hydro or pyocalyces, is formed at the neck of a renal calyx which later changed into a cavity. Accordingly, when a calyx or calyces are not delineated on a urography, presence of a cavity can well be suspected. Sometimes, a cavity develops in the renal cortex, which compresses the renal calyces or pelvis, as in renal tumor or cyst. When a cavity is suspected on intravenous pyelogram, retrograde pyelography with pneumoretroperitoneum was useful for its identification. When defect of a calyx or deformation of a clayx or pelvis with wider parenchymal space is revealed, the presence of a cavity becomes definite. On the other hand, Gil-vernet et al.6 stated that periodical performance of renal angiography would often reveal a cavity. Ljunggren14 also reported that renal angiography was very useful for diagnosis of cavity in the kidney.
In all our cases, intravenous pyelography and retrograde pyelography combined with pneurnoretroperitoneum was carried out. The former method was useful in making tentative diagnosis of a cavity in the kidney, and the latter was useful in making the diagnosis definite. Aortography, which was carried out in 9 cases, proved to be useful in determining the site of the cavity. In many cases roentgenographic findings coincided well with the operation findings, but, some times, a cavity could not be discovered by urographies as in Case 5 (Fig. 6) . In this view it seems necessary to precisely observe the kidney, when it is exposed during operation. There is a problem concerning the cavity which is negative for tubercle bacillus. It is widely accepted that detectablity of the bacillus in the cavity is inversely proportional to the duration of the chemotherapy. On the other hand, Kairis12 reported that there was found out tubercule bacillus in a closed focus after a chemotherapy had been given for more than 10 years.
Ljunggren,14 Kanzler1l and many other investigators stated that the efficacy of chemotherapy depends more on the local renal function than on its duration. In other words, it is when chemotherapeutic agents reach the foci and disolve in the urine, that they can exert effects on them. In the present study the tubercle bacillus was found both in cases with comparatively short term chemotherapy and in the cases with a long-term one, This finding shows that chemotherapy of long duration is not always effective on a closed cavity in the kidney.
Therefore, we examined this problem by measuring intracavitary secretion rate of intravenously injected 131I-hippuran. In the cavities which were negative for tubercle bacillus high radioactivity was demonstrated, while radioactivity was low in the cavities which were positive for tubercle bacillus. Since the antituber culous agents were excreted in proportion to the renal function (Dick and Stevenson, 4 Hoess et al.10) , it might well be considered that if a large quantity of hippuran is excreted into the cavity, the antituberculous agents would reach the foci in large quantity. When the blood stream around the recently-closed cavity was diminished, distribution of the agents could be disturbed. According ly, no matter how long the chemotherapy may be given, it is difficult to remove tubercle bacillus from the cavity. On these occasions speleotomy is indicated.
When relationship between the results of intracavitary 131I-hippuran excre tion test and presence of tubercle bacilli in the cavity is discussed, the time which lapsed for formation of a cavity should also be taken into consideration. In Case 2, for instance, in which a cavity was demonstrated in the lower pole of the right kidney, the intracavitary concentration of radioactive hippuran was fairly low. Prior to the operation, the changes in roentgenographic findings were pursued for one and a half years after the commencement of chemotherapy. First, at the beginning of chemotherapy, the focus in the right lower pole was vaguely seen, indicating that the renal function was still maintained in that portion. One and a half years later urine turned negative for tubercle bacillus and, at the same time, the lower renal calyx became invisible on a pyelogram, indicat ing that a cavity was formed. In other words, after the foci were cleaned with the chemotherapeutic agents, "Kelchamputation" (autoamputation of the calyx at its neck) occurred and a cavity was formed (Fig. 5) . Therefore, speleotomy could be unnecessary in this case. However, Staehler19 insisted on necessity of speleotomy even in these cases, because a tense cavity filled with caseous substance compresses the surrounding intact tissues and disturbs the blood supply to the compressed area.
In our cases, after speleotomy was performed, the renal function improved in many cases. This fact seems to support Staehler's opinion.
As mentioned above, speleotomy is an excellent method in many respects. When Staehler's operation is carried out, however, a fistula is often formed in the portion where a drainage tube was inserted during the operation. Steahlerl9 himself reported a case in which urinary fistula developed 2 weeks after the opera tion, and explained fistula-formation by stating that the operation was carried out to an open focus. Further, he added "the fistula would not have been formed, if the operation had been done on the closed cavity".
This 
